The essential oils of leaves, fruits, flowers, stems and twigs of Litsea cubeba were extracted by hydrodistillation. A total of 53, 50, 76, 94 and 90 compounds were identified from the leaf, fruit, flower, stem and twig oils, respectively, and their yields were 13.9 ± 0.09, 4.0 ± 0.03, 10.4 ± 0.05, 0.09 ± 0.01 and 0.4 ± 0.02 mL/100 g of the oven-dried (o.d.) materials, respectively. The main component in the leaf, flower and twig oils was 1,8-cineole, whereas in the fruit oil it was citral, and in the stem oil limonene, citronellal, and citronellol. When tested for their antibacterial activities using the paper disc diffusion method, oils from all parts showed excellent activities, particularly the fruit oil. When the oils were infused onto filter paper and tested for their antimicrobial paper capability according to the JIS L1902 method, the fruit oil exhibited excellent antimicrobial activities. Citral was deemed the main cause of the antimicrobial activity. With the multiplicity of contagious diseases and their prevalence in hospitals, these essential oils present a potentially good choice as antibacterial agents. We think that the essential oils of this species are capable of multipurpose applications.
Litsea cubeba (Lour.) Persoon, family Lauraceae, is a deciduous bush or small tree, mostly distributed in East Asia. In Taiwan, it is distributed in the central and eastern mountainous terrains ranging in elevation from 300 to 2,300 m. The whole plant possesses a pungent gingery odor. L. cubeba oil is a pale yellow, volatile essential oil with an intense lemon-like, refreshing, sweet odor which is insoluble in water. It is used as a fragrance enhancer in foods, cosmetics, and cigarettes and also as a raw material in the manufacture of citral, vitamins A, E, and K, ionone, methyl ionone, perfumes, and other essential oil mixtures [1] . Literature pertaining to various parts of the plants abound [2a-2k] . However, most reports concentrated on the essential oils from leaves, flowers, and fruit. There are few reports on the stem and twig oils of the species, which is regarded as a medicinal plant in China. The 1977 compilation of Chinese herbal medicine dictionary talked about the antibacterial and anti-inflammation activities of L. cubeba [2k]; subsequently, a few reports noted that L. cubeba essential oils had extensive antibacterial and antifungal activities [2l-2o] . Our previous report proved that the fruit oil of L. cubeba and the citral contained therein have anti-cancer and anti-inflammation activities [2p-2s] .
However, there is little information regarding L. cubeba essential oils from Taiwan. Furthermore, the antibacterial activities of the oils are unreported. Thus, we first extracted, separately, the essential oils from leaves, fruits, flowers, stems and twigs of Taiwan grown L. cubeba by hydrodistillation, and then analyzed their compositions. Present day in-the-hospital contagions are prevalent and, therefore, there is an urgent need for developing anti-bacterial paper to use in such sites. Therefore, as the second part of the study, we assayed the antimicrobial activities of the 5 L. cubeba oils separately after adding to filter papers, and evaluated their performance for this purpose. The information thus obtained may serve as the basis for a multipurpose approach of developing L. cubeba oils for practical applications.
The hydrodistillation oil yields from L. cubeba leaves, fruit, flowers, stems and twigs were 13.9 ± 0.09, 4.0 ± 0.03, 10.4 ± 0.05, 0.09 ± 0.01, and 0.4 ± 0.02 mL/100 g, respectively. Comparing our results with the literature [2a-2c,2f,2g,2j] , there were substantial differences, and we obtained the highest leaf oil yields. For the flower oil, there were notable differences as well, and our flower oil yield was the highest [2f,2i] . The yields of fruit and stem oils were comparable with those in the literature [2e~2i] . As noted before, there was no literature reference to the twig oil yield, and this represents the first publication on the twig oil.
The identified constituents presented in Table 1 are listed in order of their elution from the DB-5 column. Table 1 shows that, as reported earlier, the leaf and fruit oils of L. cubeba contained 53 identified compounds [2s]. Of these, the main ingredients were 1,8-cineole (57.6%), sabinene (12.3%), and α-terpineyl acetate (9.8%). As for the fruit oil, a total of 50 compounds were identified, and the main ingredient was citral (68.9%), in which neral and geranial accounted for 31.3% and 37.6% respectively.
From the flowers, hydrodistillation extracted 76 identified compounds. The main components were 1,8-cineole (47.1%), followed by sabinene (13.1%), and α-terpineyl acetate (11.5%). Grouping of the compounds by their chemical nature indicated that oxygenated monoterpenes predominated (70.6%), followed by monoterpene hydrocarbons (24.2%), sesquiterpene hydrocarbons (4.6%) and oxygenated sesquiterpenes (0.3%). Literature pertaining to the flower oil of L. cubeba suggested that sabinene was the major compound [2f,2i]. There were differences in the secondary components, however, as Zhu et al.
[2f] identified α-pinene (8.1%), 1,8-cineole (7.1%), 4-terpineol (6.7%), and γ-terpinene (2.6%), whereas Choudhury et al.
[2i] found citronellal (14.3%-17.3%), β-phellandrene (7.7-9.0%), α-pinene (6.6-7.6%), and β-pinene (5.8-6.1%). However, our study indicated that 1,8-cineole was the predominant component; sabinene was next in abundance, hence differed from the existing papers. This is the first presentation of the 1,8-cineole type in L. cubeba flower oil. Hydrodistillation of L. cubeba stems yielded 94 identified compounds. Limonene (27.9%) was the most abundant, followed by citronellal (19.5%), and citronellol (13.8%). [2i] found 35 to 41 compounds mainly citronellol (11.9-20.4%), citronellal (7.7-10.0%), 4terpineol (5.1-5.3%), citronellic acid (4.8-5.4%), and 1,8-cineole (3.3-5.7%) . Hammid and Ahmad [2o] showed that the stem oil was dominated by eucalyptol, d-limonene and -terpineol. Our results differed from the above papers with limonene, citronellal and citronellol as the main stem oil compounds. Thus, this is the first presentation of the limonene/citronellal/citronellol chemotype for Essential oils of Litsea cubeba Natural Product Communications Vol. 11 (4) 2016 517 )  10  5  2  1  10  5  2  1  10  5  2  1  10  5  2  1  10  5  2  1  10  5  2  1  1000 500  1000 L. cubeba stem oil. Ninety identified compounds were found in the hydrodistillated twig oil of L. cubeba. The main compounds in decreasing order were 1,8-cineole (38.1%) , citronellal (7.8%), α-terpineyl acetate (5.4%), citronellol (5.3%), and β-pinene (5.2%). Grouping of the compounds indicated that oxygenated monoterpenes formed the highest fraction (73.3%), and in decreasing order, monoterpene hydrocarbons (19.2%), sesquiterpene hydrocarbons (5.1%) and oxygenated sesquiterpenes (2.2%). As noted before, the twig oil of L. cubeba lacks prior study, and this is the first presentation of the extraction results.
The essential oils from different parts of L. cubeba all exhibited excellent antimicrobial activities; in particular, the fruit oil had the best performance (Table 2 ). All oils (except for the fruit oil) at 5 μL/disc showed suppression zones against Bacillus cereus, Staphyloccus epidermidis and Escherichia coli smaller than the corresponding suppression zones exerted by 1000 ppm of ampicillin; however, against the other 6 bacterial strains, they all had suppression zones larger than the corresponding ones of 1000 ppm ampicillin. Fruit oil, on the other hand, at 2 μL/disc, exhibited superior suppression zones against all 9 microbial strains than both 1000 ppm of ampicillin and penicillin. Even at 5 μL/disc, it was capable of totally suppressing B. cereus, S. aureus, Vibrio parahaemolyticus, Klebsiella pneumoniae, and Candida albicans. Thus the fruit oil of L. cubeba exhibited excellent antimicrobial activities. The biological activities of essential oils are intimately tied to their compositions, hence we applied its main component, citral, and found similar trends in the antibacterial performances. These results were similar to those observed by Gogoi et al. [2h] , Yiling et al. [4] , Zhou and Li [2m], and Xia et al. [2n] . These reports also noted that as an aldehyde, citral possesses a hydrophilic functional group which is liable to be adsorbed by bacterial surface hydrophilic groups and gains entry into the cell, thereby disrupting glycoprotein (glycopolypeptide) structures and damaging the cell membrane causing lysis of the cells and the loss of DNA, RNA and plasmic proteins. The aldehyde can also react with -SH, -NH 2 , -CH and -COOH functionalities of protein leading to the demise of the microorganism. Our observation of the antibacterial activities of the essential oils from various parts of L. cubeba against Enterobacter aerogenes, B. cereus, V. parahaemolyticus, and Psedomonas aeruginosa are the first time such activities have been presented.
In order to evaluate whether essential oils from various parts of L. cubeba could be used for multipurpose applications, we infused paper squares with oils from various parts of the plant at different concentrations and tested their antimicrobial capacities in accordance with the JIS L 1902 method. The results are shown in Table 3 . For suppression of S. aureus, the leaf, fruit, flower, stem and twig oils of L. cubeba all achieved suppression at a 40 ppm concentration. For suppression of the E. coli strain, the fruit and stem oils of L. cubeba at 80 ppm achieved suppression; whereas its leaf and twig oils made it at 160 ppm; the least effective was the flower oil, which could not make it even at a 320 ppm concentration. For the bactericidal activity, the fruit oil exhibited the best performance at 80 ppm, at which it was capable of destroying S. aureus and E. coli. Hence, for antibacterial paper activities, the ones infused with the fruit oil of L. cubeba were the best. Citral was deemed the main cause of the antimicrobial activity. For countries with serious in-hospital contagions, these essential oils might present an effective means of controlling the problem. 
